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PRESSURE DATA FROM A 64A010 AIRFOIL AT TRANSONIC SPEEDS IN 
HEAVY GAS MEDIA OF RATIO OF SPECIFIC HEATS FROM 1.67 to 1.12 
By Anthony R. Gross and Frank W, Steinle, Jr. 

Ames Research Center 


SUMMARY 


A wind tunnel investigation has been performed at Mach numbers from 
0.6 to 0.9 to determine the wake drag characteristics and pressure dis- 
tri but ions of a NACA 64A010 airfoil in air and in heavy gas test media 
with ratio of specific heats (y) from 1.67 to 1.12. The model was tested 
at angles of attack from -1 to 12 degrees over a range of chord-based 
Reynolds numbers from 2 x 10^ to 6 x 10^. 

Analysis of test results shows good agreement between data derived 
in air and data derived in heavy gases up to the Mach number at which com- 
pressibility effects become important in air. Above this Mach number 
agreement is encouraging but not completely resolved. Application of 
established theory for transonic similarity to the heavy gas results pro- 
duces significant* but less than satisfactory, improvement in agreement. 
Data obtained in air and in an argon-Freon 12 gas mixture designed to 
have a Y = 1.4 show generally good agreement throughout the Mach number 
range of investigation. 


INTRODUCTION 


Within the past decade, severe problems (both technical and economic) 
have been encountered in predicting the aerodynamic characteristics of 
modern, high subsonic and transonic speed aircraft from wind tunnel test 
results extrapolated to flight Reynolds number. These differences have 
been largely attributed to deficiencies in the scaling of the viscous 
boundary layer on the wind tunnel models and uncertainties of modeling 
the behavior of the shock-boundary layer interaction as the "Reynolds 
number gap" between tunnel and flight is widened. Recently, considerable 
effort has been expended towards developing increased high Reynolds num- 
ber test capability. Included in these efforts are new test techniques, 
improved wall -interference computations, construction of new test facili- 
ties, and the use of heavy gases in existing facilities. 

The modification of existing facilities to use heavy gases, such as 
Freon 12, in place of air has the attraction of increasing the Reynolds 
number about three- fold at half the drive power for a given Mach number 



and total pressure. For example, this would produce a potential increase 
in Reynolds number per meter of from 26.25 million to 78.75 million at a 
Mach number of 0.9 in the Ames Research Center's 2- by 2-Foot Transonic 
Wind Tunnel. 

Whereas static aerodynamic data obtained in Freon 12 at subcritical 
conditions has been shown to be aerodynamically reliable, there is reason 
to believe that at transonic speeds the deviation of the ratio of specific 
heats (y) from that of air (y = 1.12 and 1.4, respectively) results in an 
adverse effect on data reliability (reference 1). In order to investigate 
this assumption, a NACA 64A010 airfoil model has been tested at transonic 
speeds at Mach numbers from 0.6 to 0.9 in heavy gas media of y from 1.67 
to 1.12. Wake drag characteristic: and pressure distributions have been 
determined for the model for angles of attack from -1 to 12 degrees over 
a range of chord-based Reynolds numbers from 2 x 10^ to 6 x 10^. 

Presented herein are the results of this investigation with a mini- 
mum of analysis. 


NOMENCLATURE 


Because of the limitations in the computer notation system for plot- 
ting the data, conventional aerodynamic symbols have been replaced by 
plot symbols in the data figures as noted below. 

Plot 


Symbol 

Symbol 

Definition 

c 


airfoil chord, m 


CD 

drag coefficient, drag per unit span/qc 


Qj CDCLO 

drag coefficient at zero lift coefficient 


CL 

lift coefficient, lift per unit span/qc 

Cl 

‘-a 

CLALFA 

derivative of lift coefficient with respect 
to alpha at zero lift coefficient 

Cm 

CLM 

pitching moment coefficient, pitching moment 
per unit span/qc^ 

Cp 

CP 

pressure coefficient, 

q 


2 



K 


t 


M 

Ma 

Mts 

P 

q 

Rn/c 

X 

t 

a 

Y 

T 

1 

09 

2 


MACH 


RN 


ALPHA 

GAMMA 


transonic similarity scaling factor 
frees tream Mach number 
Mach number in air 

air-equivalent Mach number, from application 
of the transonic similarity rule 

static pressure, N/m^ 

freestream dynamic pressure, N/m^ 

Reynolds number based on chord, million 

coordinate measured parallel to airfoil 
chord, m 

maximum airfoil thickness, m 
angle of attack, deg 
specific heat ratio 
airfoil thickness ratio, t/c 
Subscripts 
local 

freestream 
heavy gas medium 


TEST FACILITY 


The Ames 2- by 2-Foot Transonic Wind Tunnel is of the closed-return, 
variable-density type with a 0.61 -meter {2-foot) square test section 
(figure 1). The tunnel drive system is composed of a two-stage axial- 
flow compressor driven by four 1000-horsepower water-cooled induction 
motors. The test section has variable-permeability, 21% open porous - 
slotted walls with a surrounding plenum chamber and suction provided by 
both a 2.365 and 11.815 meter ^ per second (5,000 and 25,000 cubic feet 
per minute) compressor. A flexible-wall nozzle is located upstream of 
the test section. 
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Continuous variation of the test section Mach number from 0 to 1.4 
is provided through control of the main drive compressor speed and adjust- 
ment of both the flexible nozzle walls and the floor-to -ceiling angle. 

The tunnel stagnation pressure range is variable from 1/3 to 3 atmospheres 
absolute. Maximum Reynolds number available in air is approximately 26,25 
X 10®/meter (8 x 10® per foot) at a test section Mach number of 0.9. 

This facility has undergone several modifications to permit two- 
dimensional testing and for this investigation, to permit testing in gas 
media other than air. These modifications include the addition of motor- 
ized, rotating, thick-glass, model supporting side windows mounted in 
unventilated, plane side walls, the incorporating of a programmable wake 
survey rake system, and the addition of a heavy gas system. The heavy 
gas system includes provisions for separating the heavy gas from the main 
axial fan and motor bearing lubrication system, for heavy gas supply and 
venting, and for measuring gas mixture properties. 


MODEL DESCRIPTION 


The model tested in this investigation was a NACA 64A010 airfoil 
which spanned the test section. The .1524 meter (6-inch) chord model was 
instrumented with 24 pressure orifices on the upper surface and 22 ori- 
fices on the lower surface. Airfoil ordinates and orifice locations are 
tabulated in table 1. An installation photograph of the model and the 
wake survey rake is shown in figure 2. 


TESTING AND PROCEDURE 


Air, argon, Freon 12, and a mixture of argon and Freon 12 were used 
as the various test media to provide for y values of 1.4, 1.67, 1.12 and 
1.4, respectively. The matrix of test conditions is presented in table 2. 
Test conditions spanned sub-critical, critical and super-critical Mach 
numbers for the airfoil. 

Boundary layer transition to turbulent conditions on the model was 
artifically induced through the use of 0.254 mm (0,01 inch) wide strips 
of 0.104 mm (0.0041 inch) nominal diameter glass beads placed on the 
upper and lower surfaces at the 6.1 percent chord station. Bead diameter 
was selected in accordance with the recommendations of reference 2. Tran- 
sition strip effectiveness was verified through the sublimation technique. 

Angle of attack variation was accomplished by rotating the windows 
in the test section side walls to which the model was attached. The 
model was aligned with the flow to produce Cl = 0 at zero angle of attack. 
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Thrte 24-port scanning valves were used to measure the model surface 
pressures and three 48-port scanning valves were used to measure the 
total and static pressures in the wake. Wake total and static pressures 
were sensed through the use of an 82-tube traversing rake which was pro- 
gramted to provide total pressure readings every 1.3 mm (0.050 inch) and 
static pressure readings every 25.4 mm (1.0 inch) across the wake of the 
model . 


DATA REDUCTION 


In addition to the customary stagnation temperature and pressure 
and the test-section static pressure measurements, the determination of 
the test gas composition which is necessary for calculation of the wind 
tunnel flow parameters requires measurement of total gas density, air 
content (determined by oxygen content) and water vapor content. Addi- 
tional instrumentation was developed for these nonstandard measurements. 

The wind tunnel test mixture composition is determined i'rom direct 
measurements of air and water vapor fractions and computed fractions of 
argon and Freon 12. These computations are based on the total gas den- 
sity measurement, adjusted for air and water vapor, and the virial form 
of the equation of state for argon and Freon 12. Estimated accuracy is 
± 1 . 0 %. 


Significant real -gas effects associated with the use of Freon 12 
as a wind tunnel test medium preclude the use of the normal ideal gas 
model for the computation of flow parameters. The van der Waals gas 
model was chosen instead to model the non-ideal gas properties for the 
calculation of flow parameters. 


Section aerodynamic force and moment coefficients are obtained from 
the model surface and momentum rake measurements in the normal manner for 
two-dimensional airfoils. Pressure integrations were performed using the 
trapezoidal rule. 


The two-dimensional transonic similarity rule of vo . Karman, in a 
form due to Spreiter (ref. 3), has been used to compare test results 
obtained in Freon 12 with those obtained in air. For the present case of 
an airfoil tested in air and in a heavy gas medium, the Mach numbers for 
transonic similarity in the heavy gas are determined from the following 
relation: 


1 - 

(2.4 MaT^^ 


1 - M: 


ts 

ts 




(yo + 1) m 
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The pressure coefficient (Cp obtained at Mts> Yg) scaled to 

the reference Cp condition in air in accordance with 

^ ^pts 
where K = 


(t 2 ’*'1 ) ^ts 

7.4 Mq 


Values of Mts^ and the corresponding values of f, for several values of 
Y 2 and are listed in table 3. 

Based on transducer performance and on the estimated accuracy in 
mixture composition (1%) the precision of the data is estimated to be 
within 


Y ± .03 Cp ± .0064 

Mco - .009 a ± .06° 


RESULTS AND DISCUSSION 


A complete index to the data figures is given in table 4. Because 
the argon/Freon 12 test gas media was contaminated during tunnel opera- 
tion by significantly varying amounts of air, y varied somewhat from the 
respective 1.67 and 1.12 values. Tabulated in table ;i is a list, by 
data set and Mach number, of the computed values of y corresponding to 
the plotted test results. Basic pressure and section coefficient data 
are presented in figures 3 through 10. In the following discussion 
attention is centered primarily on the comparison data presented in fig- 
ures 11 through 14 and the summary comparisons given in figure 15. 

As shown in figures 11 and 12, at subcritical Mach numbers the 
agreement between pressure distribution data for the non-lifting condition 
acquired in air and corresponding data from the heavy gas media is quite 
good. However, some differences in the pressure distribution over the 
aft portion of the airfoil are evidenced between data derived in air and 
argon. These differences may be due to slight differences in boundary 
layer development and/or lift. 

The comparison of air and argon data in figure 11 at the super- 
critical Mach numbers .832 and .829, respectively, shows very good agree- 
ment. On the basis of transonic similarity this agreement is somewhat 
perplexing since, from table 3, the argon data would be expected to be 
very similar to air data at Mach number .838. With this in mind, an 
examination of the variation of drag with Mach number (figure 15) would 
lead one to expect Cp to be at least .003 higher in argon than in air. 
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However, comparison of the drag measurements reveals considerably less 
than .003. The reason for this discrepancy has yet to be determined. 

The pressure data in figure 11 appear as 1f Mach number. 829 in argon is 
the air equivalent Mach number .832. This would require y to be of the 
order 1.5 as compared with the measured value, 1.616. It is felt that 
such a difference is outside the range of experimental error. An alter- 
nate and more likely possibility is wall interference effects altering 
the pressure distribution. Some inference to this possibility can be 
drawn from the variation of lift-curve slope with Mach number, presented 
in figure 15. Lift-curve slope peaks near Mach number .82 and rapidly 
falls off with increasing Mach number to near zero. This abrupt change, 
in part, may be due to the sonic-line reaching the tunnel boundary and 
therefore changing its character. Obviously, such a postulation will 
require further verification before it can be accepted and therefore the 
above discrepancy between air and argon remains unresolved. 

The comparison in figure 12 of air and Freon 12 data at Mach numbers 
.820 and .823, respectively, shows considerable differences. It is in- 
ferred that these differences are primarily due to y effects. Because 
data in Freon 12 were not obtained at the transonic similarity Mach 
number for air at Mach number .820, it is not possible to verify y effects 
on a direct basis. However, at Mach numbers .832 and .843 for air and 
Freon 12, respectively, a comparison on the basis of transonic similarity 
is available in figure 13a which supports this contention. 

As can be seen, the general agreement of the air and Freon 12 re- 
sults on an as-run basis at transonic similarity Mach number conditions 
is considerably improved. Further adjusting the test results to account 
for the full effects of transonic similarity is seen in figure 13b to 
afford only slight improvement. 

The comparison of data obtained in air and in an argon-Freon 12 mix- 
ture having a ratio of specific heats equal to that of air at closely sim- 
ilar test conditions (example, figure 14) shows generally good agreement. 


CONCLUDING REMARKS 


A NACA 64A010 pressure-instrumented airfoil has been tested at tran- 
sonic speeds over a range of angle of attack from -1 to 12 degrees at 
various Reynolds numbers ranging from 2 to 6 million in air, argon. Freon 
12, and a mixture of argon and Freon 12 having a ratio of specific heats 
corresponding to air. 

Good agreement of results is obtained for conditions where compres- 
sibility is not significant and for the air and comparable argon-Freon 12 
mixture. Comparison of heavy gas results with air, when adjusted for 
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transonic similarity, show improved, but less than desired agreement. It 
is anticipated that further improvements In heavy gas-air agreement will 
be realized through the use of numerical transonic computations coupled 
with suitable boundary layer calculations to account for differences in 
displacement thickness producing different effective alvfoil thickness. 
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TABLE 1. - MODEL GEOMETRY 


AIRFOIL ORDINATES STATIC PRESSURE ORIFICE LOCATIONS 


Station 


Station 

Ordinate 

Upper 

Lower 

0 

0 

0.0 

1.2 

.5 

.804 

1.0 

2.5 

.75 

.969 

2.3 

5.1 

1.25 

1.225 

5.0 

7.5 

2.5 

1.688 

7.4 

10.1 

5.0 

2.327 

9.9 

15.0 

7.5 

2.805 

14.9 

20.0 

10 

3.199 

19.8 

25.2 

15 

3.813 

24.9 

30.0 

20 

4.272 

30.0 

35.1 

25 

4.606 

34.9 

40.1 

30 

4.837 

39.9 

45.0 

35 

4.968 

44.9 

50.1 

40 

4.995 

49.9 

55.0 

45 

4.894 

54.9 

60.1 

50 

4.684 

59.9 

65.0 

55 

4.388 

65.0 

70.1 

60 

4.021 

70.0 

75.0 

65 

3.597 

74.9 

80.0 

70 

3.127 

79.9 

85.0 

75 

2.623 

84.9 

89.9 

80 

2.103 

90.0 

94.5 

85 

1.582 

93.2 


90 

1.062 

100.0 


95 

.541 



100 

.021 



L.E. radius 

: 0.687 percent chord 



T.E. radius 

: 0.023 percent chord 




(Airfoil dimensions are given in percent of airfoil chord) 
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TABLE 2. - MATRIX OF TEST CONDITIONS 


Gas Medi'jni 

Air 

Argon 

Freon 12 

Argon-Freon 12 

Gamma (Nominal) 

1.4 

1.67 

1.12 

1.4 

Reynolds Number x 10® 

2.0, 2.5, 3.0, 
3.45, 3.75, 4.0 

2.0, 3.0, 4.0 

3.0, 6.0 

2.0, 3.0 

Mach Number range 

0.6 to 0.9 

0.6 to 0.85 

0.6 to 0.85 

0.6 to 0.85 

Angle of Attack range, 
degrees 

-1 to 12 

-1 to 12 

-1 to 12 

0 and 2 



TABLE 3. AIR EQUIVALENT TRANSONIC SIMILARITY VALUES 


Yz 

Ma 

K 

Mts 

1.125 

0.5 

.986 

0.5203 


0.6 

.983 

0.6196 


0.7 

.975 

0.7172 


0.8 

.970 

0.8129 


0.9 

.966 

0.9072 

1.300 

0.5 

.995 

0.5071 


0.6 

.995 

0.6069 


0.7 

.991 

0.7061 


0.8 

.989 

0.8046 


0.9 

.989 

0.9026 

1.500 

0.5 

1.004 

0.4932 


0.6 

1 .008 

0.5935 


0.7 

1.007 

0.6941 


0.8 

1.009 

0.7955 


0.9 

1.012 

0.8975 

1.667 

0.5 

1.012 

0.4825 


0.6 

1.017 

0.5827 


0.7 

1.019 

0.6847 


0.8 

1.025 

0.7832 


0.9 

1 .031 

0.8934 
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TABLE 4. - INDEX OF DATA FIGURES 


Basic Data 

Figure 

Pressure Distributions, Cp vs. x/c 

Air 3 

Argon 4 

Freon 12 5 

Argon-Freon 12 6 

Section Coefficients, C|_, Cq, C,p vs. a 

Air 7 

Argon 8 

Freon 12 9 

Argon-Freon It 10 

Comparison Data 

Pressure Distribution, Cp vs. x/c 

Air vs. argon 11 

Air vs. Freon 12 12 

Air vs. Freon 12 13 

a. Transonic Similarity Mach Number 

b. Transonic Similarity Rule 

Air vs. argon-Freon 12 14 

Summary Comparisons, Cp, C|_^ vs. M 

Air vs. argon vs. Freon 12 vs. argon-Freon 12 15 
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TABLE 5. 

TESTED VALUES OF THE 

RATIO OF SPECIFIC HEATS 

DATASET 

MACH 

GAMMA 

14 

0,598 

1.58 


0.610 

1.62 


0.816 

1.55 


0.823 

1.54 


0.839 

1.55 


0.844 

1.55 


0.868 

1.54 


0.874 

1.56 

15 

0.603 

1.62 


0.785 

1.67 


0.820 

1.57 


0.829 

1.62 


0.877 

1.55 

16 

0.608 

1.63 


0.865 

1 .61 

22 

0.602 

1.43 


0.802 

1.39 


0.820 

1.40 


0.852 

1.39 

23 

0.602 

1.38 


0.817 

1.38 


0.822 

1.39 


0.851 

1.39 

24 

0.593 

1.11 


0.801 

1.11 


0.807 

1,10 


0.843 

1 .13 

25 

0.599 

1.12 


0.618 

1.12 


0.786 

1.12 


0.808 

1.12 


0.813 

1.12 


0.824 

1.12 


0,851 

1.12 


0.895 

1.12 

26 

0.823 

1.12 
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Test section configuration: 0.61m x 0.61m (2 ft x 2 ft) 

Adjustable baffled slots, floor and ceiling. 

Motorized, rotating thick glass discs for full span model mounting. 

Schlieren capability. 

Mach number range: 0.6 to 0.95 in two-dimensional configuration (continuously variable). 

Reynolds number range: Approxime-’ ely 0.5 x 10 to 4 x 10 based on 15.2 cm (6 in.) chord (pressure variable). 


Figure 1. - NASA Ames Two -by Tv/o-Foot Transonic Wind Tunnel Circuit and Soecificatlons. 
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PARAfCTRlC VALUES 
-RN 3,000 






,5 .G 

x/c 


FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 




AIR AIRFOIL LOWER SURFACE 

CRLAB043 

SYMBOL 

ALPHA Y MACH 

PARAMETRIC VALLES 

o 

-.624 .Craa .SOI 

RN 3.450 

□ 

-.301 


o 

.□23 


A 

.404 


fc. 

.*^45 




FIG. 3 BASIC DATA. PRESSURE DISTRIBUTIONS IN AIR 


PAGE 112 



AIR AIRFOIL LOWER SURFACE 

CRLAB043 

SyMB0L 

ALPHA Y MACH 

PARAMETRIC VALLES 

o 

2.779 -OOO ,eO! 

RN 3.4S0 

□ 

4.038 


o 

5.5!4 


A 

7.40S 


b. 

9,417 




x/c 

FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 




AIR 


AIRFOIL LOWER SURFACE 


CRLAB04I 


Q. 

u 


BYMBO. 

Al-PHA 

y 

MACH 


PARAtCTRIC values 

O 

-.624 

.000 

.701 

R.N 

3.450 

□ 

-.300 





o 

.114 





A 

.351 






.<390 





Q 

1 .341 







PAGE 


114 


AIR 


AIRFOIL LOWER SURFACE 


^ RLAB04J 




AIR AIRFOIL LOWER SURFACE 

CRLA804 3 

SYMBOL 

ALPHA Y MACH 

parametric vACdS 

0 

-.527 .000 .BH 

RN 3.450 

□ 

-.222 


0 

.004 


A 

.327 


Eb. 

.94B 


Q 

1.134 




F!G. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 


PAGE IIG 


AIR 


AIRFOIL LOWER SURFACE 


tRLAB04D 


SYMBOL 

alfwa 

Y 



parametric values 

0 

2.471 

.000 

.811 

RN 

3.450 

□ 

4.215 





o 

5.952 







.7 


.8 


9 




AIR-^ AIRFOIC LOWER SURFACE CRLAB04j 


SVMBQL 

ALPHA' - Y 

MAGH 


PARAtCTRlC VALUES 

o 

-.93t-: ,QQQ 

.902-- 

RN 

3. 450 

□ 

- *53S'* 




O- 

-.035 




A 

.453 . 




b. 

,S22 





i.es7 






FIG. 3 SASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 
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AIR 


AIRFOIL LOWER SURFACE 


CRLAB04D 


SYMBOL ALPHA Y MACH 

O 3,432 .000 .902 

□ 4.978 


PARAMETRIC VALUES 
RN 3.450 



FIG. 3 BASIC DATA. PRESSURE DISTRIBUTIONS IN AIR 


PAGE 119 


AIRFOIL LOWER SURFACE 


CRLAB04D 


m: 



PAGE 120 


AIR 


AIRFOIL LOWER SURFACE 


CRLAB043 


SYMBOL 

ALPHA 

Y 

MACH 


PARAMETRIC VALUES 

OO 

3. 17S 
4.77S 

.CCO 

.936 

RN 

3,450 



PAGE 





MR 

■AIRFOIL LOWER SURFACE 

CRLAB04D 

S^-WBOt 

AtJUA Y 

•HAGH 

PARAMETRIC VAU£S 

0 

-.356 .tDOO 

.559 

RN 3.450 

□ 

'',447 



o 

-.□□a 





FIG. 3 BASIC DATA. PRESSURE DISTRIBUTIONS IN AIR 






AIR AIRFOIL LOWER SURFACE 

CRLAB06] 

SVMBa. 

ALPHA Y MACH 

PARAMETRIC VALUES 

O 

-.ei9 .000 .600 

RN 4.000 

□ 

-.294 


O 

.266 


A 

.759 



1 .430 


Q 

2,787 




FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 


PAGE 


123 


AIR 


AIRFOIL LOWER SURFACE 


CRLAB06] 


SYMBOL 

ALPHA 

Y 

MACH 


PARAMETRIC VALUES 

o 

4.112 

.000 

.000 

RN 

4.000 

□ 

5.544 





0 

7.523 





A 

9.409 







PAGE 124 



MR 

AIRFOIL LOWER SURFACE 

CRLAB06) 

SY^©OL 

ALPHA Y 

MACH 

PARAMETRIC VALUES 

O 

-.636 

.000 ,697 

RN -i.aoo 


□ -.290 

O .162 

A ,370 

til .•’28 

Ci I .330 



x/c 

FIG. 3 BASIC DATA. PRESSURE DISTRIBUTIONS IN AIR 


PAGE 125 



AIR 

A'lKFOIL L0WER SURFACE 

0RLABO6D 

SYM9C5L 

ALPHA- V 

MACH 

PARAMETRIC VALUES. 

Q 

2.640^ .000’ 

.E97- 

RN 4. 000 

□ 

3,707' 



0 

5‘.354 



A 

7.431 




9.752 





FIG. 3 BASIC DATA. PRESSURE DISTRIBUTIONS IN AIR 


PAGE 12S 


D'P'I>>QO 


AIR 


AIRFOIL LOWER SURFACE 


CRLAB06] 


ALPHA 

y 

MACH 


PARAMETRIC values 

-.533 
“.257 
.047 
.326 
.620 
J .175 

.OCX) 

.800 

RN 

4.000 



0 .1 .2 .3 .4 .5 .6 .7 .8 .9 

X/C 


FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 



AIR 

AIRFOIL LOWER SURFACE 

CRLAB06D 

SYMsa. 

ALPHA Y 

MACH 

PARAHETRtC VAJlOES 

0 

2.402 

.000 .800 

RN 4 .000 



9 


AIR 


AIRFOIL LOWER SURFACE 


CRLAB063 


SYMBOL 

ALPHA 

Y 

MACH 


PAPAMETP;C VALUES 

o 

.091 

.000 

.02Si 

RN 

4.000 

□ 

.572 





0 

.926 





A 

2.419 





Cs. 

4.933 





Q 

5.9B9 







FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 
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AIR 


AIRFOIL LOWER SURFACE 


CRLAB06D 


Q. 

O 


SYMBOL 

O 

□ 

o 

A 

Ci 


ALPH> 

Y 

MACH 


parametric VALtJES 

-.5E7 

-.242 

.076 

.300 

,S03 

i.126 

.000 

.02B 

RN 

4.000 



x/c 


FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 


PAGE 130 



AIR AIRFQIL LOWER SURFACE 

CRLAB063 

SYMBOL 

ALPHA V MACH 

“ARAMETRIC VALUES 

o 

2. SI 5 .000 ,S2a 

RN 4.000 

□ 

4.377 


o 

s.irx) 




FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 


PAGE 131 


ArRF0.IL LOWER SURFACE 


CRLA8063 


PAGE 132 




FJ* 



air airfoil lower surface [RLAB06] 

SYMBOL ALPHA Y MACH PARAMETRIC VALUES 

O ~.S9‘1 .000 . 930 RN 'i-OOD 

□ -.53B 

O .203 



0 .1 .2 .3 ,4 .5 .6 .7 ,8 ,9 

X/C 


FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR 



ARGON 


AIRFOIL UPPER SURFACE 


CRLAA14D 


SVMBQL 

ALPHA 

Y 

MACH 


parametric values 

O 

-.353 

■ DOO 

.590 

RN 

2.000 

□ 

.35-t 







FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 


.8 


.9 


AR60N 


AlRPmU UPPER SURFACE 


CRLAA143 


CL 

U 


SYMBOL 'ALPHA Y KAGH PARAMETRIC VALLES 

O -1.70B .000 .612 RN 2.0Q0 

□ -,250 

O .445 

A 1 .816 

L 3.1-44 



FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


PAGE 136 


ARGON 


AIRFOIL UPPER SURFACE 


[RLAA14D 


S^l«t3L ALPHA Y MACH 

O 6.759 .000 .612 

□ 8.585 


PARAtCTRIC values 
RN 2,000 



ARGON 


airfoil upper surface 


CRLAA14) 


SVMatSL ALPHA Y MACH 

O -.942 ,DOO .91S 

□ -13S 


PARAMETRIC VALUES 
RN 2 .GOO 



FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


PAGE 138 



ARGON 

AIRFOIL UPPER SURFACE 

CRLAA14D 

SYMBOL 

ALPHA Y 

MACH 

parametric values 

0 

-.94S ,000 

,623 

RN 2.000 

0 

.152 





0 .1 .2 .3 .4 .5 .6 .7 .8 .9 

X/C 


FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 



ARGON AIRFOIL UPPER SURFACE CRLAA143 

SYMBOL ALPHA Y MACH PARAMETRIC VALUES 

O -.BBS .000 .B33 RN 2.D00 

□ .148 



0 .1 .2 .3 .4 .5 .G .7 .8 .9 

X/C 


FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 



ARG0N 


AIRFOIL UPPER SURFACE 


S^hBtX alpha 
O “.95B 

□ .229 


MACH 

.344 


CRLAAH.i 

PARAMETRIC VALUES 
RN 2.00Q 


Rini 


rtfffftirnfg 


■■■—■■■■■MM— 

mmmmmmmmmam 


FIG. 4 BASIC DATA, PRESSURE DISTRIBUTI0NS IM ARGON 


ARSOM airfoil upper surface CRLAA143 



0 .1 .2 a 3 .4 .5 .6 .7 .6 >9 

X/C 


BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 


FIG. 4 


ARG0N 


AIRFOIL UPPER SURFACE 


CRLAA143 


SYMBOt 

ALF 

5HA 

y 

MACH 


PARAMETRIC values 

O 

□ 


.9S8 

.661 

.000 

.874 

RM 

?.OOD 




ARGON 

AIRFOIL UPPER SURFACE 

tRLAAlGD 

SYMBOL 

ALPHA Y 

MACH 

parametric values 

o 

- J ,C6^ ;DC3G 

VSl'Q 

RM 3.000 

□ 

-1 .335 



0 

“.B5a 



A 

-.627 




-.273 




.3B8 





BASIC DATAr PRESSURE DISTRIBUTIONS IN ARGON 


FIG. 4 


PAGE 



ARGON 

AIRFOIL UPPER SURFACE 

CRLAA15D 

SYMBOL 

ALPHA Y 

MACH 

PARAMETRtC VAUCS 

0 

1 .733 ,000 

.610 

RN 3.000 

□ 

3.020 



0 

4,410 



A 

6.554 




8,420 





BASIC DATA- PRESSURE DISTRIBUTIONS IN ARGON 


FIG. 4 


PAGE 145 


ARG0N AIRFOIL UPPER SURFACE [RLAA15:i 

SYtCa, ALPHA Y MACH PARAMETRIC VALUES 

O .129 .000 ,785 RN 3.000 



ARGON 

AIRFOIL UPPER SURFACE 

CRLAA15. 

SYMBOL 

ALPHA V 

MACH 

parame**R!c values 

o 

-1 .B3S 

□00 .822 

RN 3.000 

□ 

-1.257 



0 

-.837 




CL 

a 










-1 .0 


-1 .51 


- 2.01 


-2.5H 


“3.G 


-3.51 


-4.0 


“4.51 


!■■■■■ rimwon 

■■■■■■■■■■■■I 


.5 .6 

X/C 


.9 1 .0 


FiG, 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 


I 


PAGE 147 



ARGON AIRFOIL UPPER SURFACE 

CRLAA153 

SV^©OL 

alpha ¥ MAEH 

PARAMETRIC VALUES 

O 

-I .819 .000 .874 

RN 3.000 

□ 

-1 .458 


O 

-.919 




x/c 

FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 
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ARG3N 


AIRFOIL UPPER SURFACE 


[RLAA16] 


SYMBQL 

ALPHA 

Y 

MACH 


PARAMETRIC VALUES 

O 

-I.29f7 

.000 

.604 • 

RN 

3.950 

□ 

-.626 





O 

-.608 





A 

-.266 






.117 





Di 

1 .744 







FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


7 


8 


.9 



ARGON 


AIRFOIL UPPER SURFACE 


CRLAA163 


SYMBOL 

ALPHA 

Y 

mm:h 


PARAMETRIC 

O 

3.0G9 

.000 

.604 

RN 

3.950 

O 

4.487 





0 

B.SS7 





A 

8,403 







0 ,1 .2 .3 ,4 .5 .6 .7 .8 .9 

X/C 


FI(j. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 



ARGON 


AIRFOIL UPPER SURFACE 


CRLAAIG) 


SYMBOL 

ALP 

HA 

Y 

MACH 


PARAMETRIC values 

O 

-1 . 

4E7 

.OOQ 

.861 

RN 

3.950 

□ 


SBl 





o 


B18 





A 


137 














ARGGN 


AIRFOIL LOWER SURFACE 


CRLAB145 


S'lMBOL ALPHA Y MACH 

O -.959 .000 .538 

□ .354 


PARAMETRIC VALUES 
RM 2.000 


D. 

U 



FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 
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ARGON 


AIRFOIL LOWER SURFACE 


CRLAB14D 


SYMBOL 

ALPHA 

Y 

MACH 


PARAMETRIC VALUES 

O 

-1,706 

.003 

.612 

RN 

2. 000 

□ 

-.250 





o 

.445 





A 

1 .616 





lA 

3, ’44 





Ci 

4.596 







BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


FIG. 4 


PAGE 153 



ARGON 


AIRFOIL LOWER SURFACE 


CRLAB14] 


SYt^OL 

ALPHA 

Y 

MACH 


PARAMETRIC VALUE5 

0 

6.759 

.030 

.612 

PM 

2.0D0 

□ 

8.5BS 







FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


PAGE 154 



ARGON 


AIRFOIL LOWER SURFACE 


(RLABH3 


S>HBa. ALPHA Y MACH 

O -.342 .000 .0IS 

□ .136 


parametric values 

RN 2.000 


Ol 

a 



FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


PAGE 155 


•argon airfoil lower surface CRLAB14D 



0 .1 .2 .3 .4 .5 .6 .7 ,8 .9 1.0 

x/c 


FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


PAGE 156 



s\msL 

O 

□ 


ARGON 


AIRFOIL LOWER SURFACE 


CRLAB14D 




,000 


MACH 

.044 


PARAMETRIC VALUES 
RN 2 .000 



0 .1 .2 .3 .4 .5 .6 .7 .8 .9 

X/C 


FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


ARGON 


AIRFOIL LOWER SURFACE 


CRLABH) 


SYMBOL ALPHA Y MACH 

O -.984 .000 .8SB 

□ .527 


PARAMETRIC values 
RM 2.000 


Q. 

U 



BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 


FIG. 4 


PAGE 159 


ARGON 


AIRFOIL LOWER SURFACE 


CRLAB14) 



ARGON 


AIRFOIL LOWER SURFACE 


CRLAB15I 



x/c 

FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 
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ARGON 


AIRFOIL LOWER SURFACE 


CRLAB15D 


SY^©0L 

ALPHA 

•( 

MACH 


parametric values 

0 

1.739 

.003 

,610 

RN 

3.000 

□ 

3.020 





0 

4,410 





A 

6.554 





b. 

e.*20 







9 


ARGON 


AIRFOIL LOWER SURFACE 


[RLAB15D 



0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

X/C 


FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 


PAGE 163 



ARGDN 


AIRFOIL LOWER SURFACE 


CRLAB15I 


SY^BOL 

ALPHA 

Y 

MACH 


PARAMETRIC values 

o 

-! .638 

.000 

.822 

RN 

3.000 

□ 

-1 .267 





0 

-.897 







FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


PAGE 164 


ARGON 


AIRFOIL LOWER SURFACE 


CRLAB15I 


SVMBCL 

ALPHA 

Y 

MACH 


parametric values 

o 

-1 .813 

.000 

.874 

RN 

3. ODD 

□ 

-i .459 





0 

-.919 







.7 


.8 


.9 




ARGON 


AIRFOIL LOWER SURFACE 


CRLAB16-3 



FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 


ARGOM 


AIRFOIL LOWER SURFACE 


CRLAB1B3 


SYt>«ClL alpha 
O 3.DG9 


MACH 

.GQ4 


PARAMETRIC VALJE5 
3.950 


rnkmaummuamm 




I—Immwi— 



FIG. 4 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON 


PAGE IB7 



ARGON 


AIRFOIL LOWER SURFACE 


CRLAB16) 


5VKS0L 

ALPHA 

Y 

MACH 


PARAMETRIC VALLES 

0 

-1 .4B7 

.000 

.861 

RN 

3. 958 

□ 

-.98! 





o 

-.618 





A 

-.137 






.789 







FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON 


7 


8 


9 




FREGN 12 


AIRFOIL UPPER SURFACE 


CRLAA24J 


svrcfl^ 

ALPHA 

O 

-1 .669 

□ 

-1 .306 

O 

-.873 

A 

-.650 


-.191 

Ci 



.000 


MACH 

.601 


RN 


PARAMETRIC VALUES 
2,900 


I in I 1 1 1 r 1 1 1 1 1 


"I I 1 1 n 1 1 r 


~ i 1 1 rr r 


■ ri I I 



FREON 12 


AIRFOIL UPPER SURFACE 


CRLAA24D 


SYMBOL 

ALPHA 

Y 

MACH 


PARAMETRIC VALUES 

o 

1.832 

.000 

.601 

RM 

2,900 

n 

3,071 





0 

4.424 





A 

6.333 






8.360 








FREON 12 AIRFOIL UPPER SURFACE 

CRLAA243 

SYMBOL 

ALPHA y MACH 

PARAMETRIC VALLES 

O 

.149 ,000 .801 

rag 2.BOO 

□ 

1 .314 






FREON 12 AIRFOIL UPPER SURFACE 

CRLAA24) 

SVHSOL 

ALPHA Y MACH 

PARAMETRIC VALUES 

O 

4.630 .ODD .801 

RN 2.900 

□ 

6.431 


0 

0.141 





■ 

1 

■ 

■ 


■ 

1 

1 


■ 


■ 

■ 

1 

1 

■ 

■ 

■ 




■ 

1 

■ 

■ 

■ 

■ 

■ 


■ 


■ 

■ 

■ 

■ 

■ 


■ 

p 


■ 

■ 


■ 

■ 

■ 

■ 

■ 


■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

1 


■ 

■ 


■ 

■ 

■ 

■ 

■ 


1 

■ 


■ 

R, 

•V—gl.g 

■ 

m 

■ 

s 


■ 


■ 

■ 


S 

3 



■ 



■ 

■ 

1 

1 

i 

■ 

1 

■ 

jga 

1 

■ 

1 


1 

1 

■ 


■ 


■ 


■ 


■ 

■ 

■ 

■ 

■ 

jgj! 

UnSi 

g 

i 



1 

■ 

1 


■ 


■ 


■ 

■ 


■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 




■ 

■ 

■ 


■ 


■ 

■ 

n 

■ 

■ 


■ 

■ 



■ 


■ 

1 

■ 


■ 




■ 

■ 

3 

■ 

■ 

■ 

■ 

■ 

1 


1 


■ 

■ 

3 

■ 



1 


■ 

■ 

■ 

■ 

■ 

■ 

B 

■ 

■ 

■ 

1 


■ 



■ 

1 


1 


■ 

■ 



■ 



1 

R 

■ 

H 


1 

3 

3 

■ 

■ 

1 





1 

3 

■ 

3 

1 


• I I I I 1 t M I I I M 1 1 1 I I I t I I M I l-l.l.J 1 IJ.l-l I 1 I t I 1 L.I..I [ > < » l.l t I i,i_ I 1 I I I i 1 I t 1 I < I I j I 

0 .1 .2 .3 .4 .5 .6 .7 *8 .9 1.0 

X/C 


FIG. 5 SASIC DATAp PRESSURE DISTRIBUTIONS IN FREON 12 


PAGE 173 


FREON 12 


AIRFOIL UPPER SURFACE 


CRLAA24) 


SVHBBL ALPHA Y MACH 

o I .285 .000 .807 


PARAMETRIC VALUES 
RN 2.900 


a. 

(j 





FIG. 5 BASIC DATA. PRESSURE DISTRIBUTIONS IN FREON 12 


PAGE 174 



FREON 

12 AIRFOIL UPPER SURFACE 

CRLAA24) 

SYMSDL 

ALPHA Y 

MACH 

PARAMETRIC VALUES 

o 

-.975 

.000 .842 

RN 2.900 

□ 

.055 





PAGE 175 


FRE0N 12 


AIRFOIL UPPER SURFACE 


CELAA25D 



FIG, 5 BASIC DATA. PRESSURE DISTRIBUTIONS IN FREON 12 


PAGE 17S 



FREON 12 


AIRFOIL UPPER SURFACE 


[ELAA25D 



FRE0N 12 AIRFOIL UPPER SURFACE IELAA25) 


5YMSQL 

ALPHA 

Y 

HAGH 


PARAMETRIC VALUES 

o 

-.911 

.ooo 

.618 

RN 

6.30D 

□ 

.359 





0 

3.026 





A 

6.299 






0..39I 







FIG. 5 BASIC DATA, PRESSURE OISTRIBUTIONS IN FREON 12 




FREON 

12 AIRFOIL UPPER 

SYWSBL 

ALPHA Y 

HACH 

o 

-.961 

.ODD .786 

□ 

.195 



SURFACE CELAA253 

PARAMETRIC VALUES 
RN 6.300 



SYMBOL 

o 

□ 


FRE0N 12 

ALPHA Y 


AIRFOIL UPPER SURFACE 


.000 


HACH 

.800 


CELAA25] 

PARAMETRIC VALUES 
RN 6 .300 


,IG4 




FREON 12 


AIRFOIL UPPER SURFACE 


l£LAAC!5) 


SYMBOL 

/^LPHA 

Y 

MACH 


PARAMETRIC VALUES 

o 

-1 .23£ 

.QUO 

.SOB 

RN 

6.300 

□ 

-.078 





o 

.J05 





A 

1 .19B 






2.915 





D 

^.665 







PAGE 


181 







FREON 12 


AIRFOIL UPPER SURFACE 


CELAA25D 


SYMBOL 

ALPHA 

Y 

MACH 


PARAMETRIC values 

o 

-.9B6 

.000 

,824 

RN 

6.3D0 

□ 

aos 





o 

1.125 





A 

2. SOS 






7.942 







FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12 


PAGE 183 



FREON 12 

AIRFOIL UPPER SURFACE 

CELAA253 

SYMBOL 

ALPHA Y 

MACH 

PARAMETRIC VALLES 

0 

-.994 .□□□ 

.851 

RN 6.300 

□ 

.□G3 





FIG. 5 BASIC DATA. PRESSURE DISTRIBUTI0NS lU FREON 12 


“AGE 184 



FREON 12 


AIRFOIL UPPER SURFACE 


CELAA25I 


siMnoL 

ALPHA 

t’ 

MACH 


PARAMETRIC VALL£S 

on 

-1.103 

,844 

.000 

.895 

RN 

6.300 






FREON 12 AIRFOIL LOWER SURFACE CRLAB24) 


SYWaOL 

ALPHA 

V 

MACH 


PARAMETRIC VALUES 

O 

1 .832 

,000 

.601 

RM 

2.900 

□ 

3,071 





O 

4.424 





A 

6.333 






8.360 







X/C 

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12 
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FREON 12 

SYMBOL ALPHA V MACH 

O .140 .000 .001 

□ I.3I4 


AIRFOIL LOWER SURFACE 


CRLAB24D 


PARAMETRIC VALUES 
2. 900 


-4.0 


- 4.5 



FIG. 5 BASIC DATA. PRESSURE DISTRIBUTIONS IN FREON 12 




FREON 12 


AIRFOIL LOWER SURFACE 


CRLAB243 


SYMBCL alpha 


MACH 

.eol 


parametric values 

2.S00 


IIHHflH 




FIG. 5 BASIC DATA. PRESSURE DISTRIBUTIONS IN FREON 12 



FREON 12 AIRFOIL LOWER SURFACE CRLAB24] 

SYMBOL ALPHA V MACH PARAMETRIC V 

O 4.690 .000 .801 RN 2.900 
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FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12 


■ Ir 


PAGE 190 




FREON 12 

SYMBOL ALPHA Y MACH 

O --975 -ODO >042 

□ .095 


AIRFOIL LOWER SURFACE 


tRLAB2^? 

PARAMETRIC VALUES 
RN 2.900 


iiMnimi— 1 


PBBP 


FIG. 5 BASIC DATA. PRESSURE DISTRIBUTIONS IN FREON 12 



FREDN 12 


AIRFOIL LOWER SURFACE 


CELAB25D 


SY^EOL 

ALPH^ 

Y 

MACH 


PARAMETRIC VALUES 

o 

-1 .670 

.000 

.595 

RN 

6.300 

□ 

-1 .366 





o 

-.879 






-.635 






-.343 






.351 







PAGE 193 



FRE0N 

12 AIRFOIL LOWER SURFACE 

CELAB25D 


SYMBOL 

ALPHA Y 

MACH 


PARAMETRIC VALUES 

o 

1 .709 

.000 ,535 

RN 

6.300 

□ 

3.339 




0 

4.4DU 

* 



A 

6.34S 





8,309 






FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12 
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FREON 12 

AIRFOIL LOWER SURFACE 

CELAB253 

SYMBOL 

ALPHA Y 

MACH 

PARAMETRIC VALUES 

0 

-.911 .000 

.613 

RN 6,300 

□ 

.359 



o 

3.026 



A 

6.289 



Ds. 

9.29J 





FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12 


PAGE 195 



FREON 12 


AIRFOIL LOWER SURFACE 


CELAB25) 


SVM90L 

ALPHA 

Y 

MACH 


PARAMETRIC VALUES 

O 

□ 

-.9B6 

.164 

.OQQ 

.BOS 

RN 

S.300 



PAGE 197 


FREON 12 


AIRFOIL LOWER SURFACE 


CELAB253 


SYrS0L 

ALPHA Y 

MACH 


PARAMETRIC VALUES 

o 

-1.23B ,ODD 

.808 

RN 

6,300 

□ 

-.878 




0 

.105 




A 

1.196 





2.915 





4.685 






FIG. 5 SASIC DATA, PRESSURE DISTRIBUTI0NS IN FREON 12 



FREON 12 


AIRFOIL LOWER SURFACE 


CELAB25) 


SVMBOL ALPHA Y MACH 

O 6.400 .000 .BOB 

□ 8. IBB 


PARAMETRIC VALLES 
RN 5.300- 
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FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREON 12 


.8 .9 


PAGE 


FREON 12 


AIRFOIL LOWER SURFACE 


CELAB25D 


SYMBOL 

ALPHA 

Y 

MACH 


PARAMETRIC VALUES 

o 

-.9GS 

.000 

.824 

RN 

G.3Q0 

□ 

.t05 





o 

1.125 





A 

2.909 





b. 

7.942 







PAGE 200 



FREON 

12 AIRFOIL LOVfER SURFACE 

CELAB25D 

5VM60L 

ALPHA Y 

HACH 

PARAMETRIC VALLES 

o 

-.994 

.000 .85t 

RN B.300 

D 

.□S3 





PAGE 201 


FREQN 12 


AIRFOIL LOWER SURFACE 


CEL.AB25] 


SYMBOL ALPHA Y MACH PARAMETRIC VALUES 

O - t .!03 . 000 .995 9,300 

□ .644 



ARGON“FREON 12 AIRFOIL UPPER SURFACE 


CRLAA223 


SYMBOL 

ALPHA 

Y 

MACH 



PARAMETRIC VAO£S 

o 

-.914 

.000 

.602 


RN 

2,050 

□ 

.397 












ARGON-FREON 12 AIRFOIL UPPER SURFACE 


CRLAA22J 


s'imbol 

ALPHA 

V 

MACH 


PARAMETRIC VALUES 

O 

□ 

-.969 

.326 

.ODD 

.852 

RN 

2.050 



PAGE 206 


4 


ARGON-FREON 12 AIRFOIL UPPER SURFACE 


MACH 

.602 


CRLAA231 


PARAMETRIC VALUES 
RN 3 ,050 


-4.0 



FIG. G BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON-FREON 12 




ARGQM-FREONI 12 AIRFOIL UPPER SURFACE 


CRLAA23] 


SYMBOL 

ALPHA 

V 

MACH 


PARAMETRIC VALUES 

O 

□ 

-.699 

.183 

.000 

.BJ7 

RN 

3.050 



.9 


ARGON-FREQN 12 AIRFOIL UPPER SURFACE 


CRLAA233 


SY^iB^3L ALPHA Y MACH 

O -I .009 .000 .922 

□ .127 


PARAMETRIC VALUES 
RN 3 ,050 



FIG. 6 


PAGE 


209 


ARGON-FREGN 12 AIRFOIL UPPER SURFACE 


CRLAA23D . 


SYMBOL 

AUPH\ 

Y 

MACH 


parametric VALLES 

0 

□ 

-.949 

,342 

.000 

.851 

RN 

3.050 



.8 


.9 



ARGON-FREON 12 AIRFOIL LOWER SURFACE 


CRLAB223 


SVMB0L ALPHA Y MACH PARAMETRIC VALUES 

O -.914 .OOO .£02 RN 2.050 

□ .397 



x/c 

FIG. 8 BASIC DATA. PRESSURE DISTRIBUTIBNS IN ARB0N-FRE0N 12 


ARGON-FREON 12 AIRFOIL LOWER SURFACE 


CRLAB22D 


SYMBOL ALPHA Y MACH PARAhETRIC VALLES 

O -.905 .000 .802 2.050 

□ .193 



0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

X/C 


FIG. 6 BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGON-FREON 12 

PABE 212 


I 


J. 


ARGON-FREON 12 AIRFOIL LOWER SURFACE CRLAB221 


symbol 

ALPHA 

Y 

MACH 


PARAMETRIC VALLES 

DO 

-.952 

.198 

,OCJO 

.820 

t 

RN 

2.050 



flG. 6 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON-FREON 12 


PAGE 213 


ARGGN-FREON 12 AIRFOIL LOWER SURFACE 

SVMaOL ALPHA Y MACH 

O -.959 ,000 ,852 

□ .32B 



FIG. 6 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON-FREON 12 

PAGE 214 


CRLAB22D 

PARAMETRIC V ALLIES 
RN 2.050 


I 


ARGON-FREON 12 AIRFOIL LOWER SURFACE 


IRLAB23] 


SVHBOL ALPHA Y MACH PARAMETRIC VALUES 

O -.827 .000 .602 RN 3-050 

□ .4.IB 



FIG. G BASIC DATA. PRESSURE DISTRIBUTIONS IN ARGQN-FREQN 12 


PAGE 215 


ARG0N-FREQN 12 AIRFOIL LOWER SURFACE 


CRLAB23D 


SVMeOL ALPHA Y MACH PARAMETRIC VALUES 

O -.S9B ,000 -017 RN 3.050 

□ .183 



PAGE 216 



ARGON-FRE0N 12 AIRFOIL LOWER SURFACE 


CRLAB233 


S’lMBOL 

ALPHA 

Y 

MACH 


PARAMETRIC VALUES 

o 

□ 

-1 .009 
.127 

.□QQ 

.822 

RN 

3.050 



8 


.9 



ARGON-FREON 12 AIRFOIL LOWER SURFACE 


CRLAB233 


SYMBCL ALPHA V MACH 

O -.949 .000 .851 

n .342 


PARAMETRIC VALUES 
RN 3,050 
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FIG. 6 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON-FREON 12 
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LIFT CQEFFIGIENT. CL 


AIR CNLAOOn 

SYMBOL MACH PARAMETRIC VALUES 

O .239 RM 2.000 

□ .599 

O .700 

A ,79B 

tik .345 



FIG. 7 BASIC DATA, SECTION COEFFICIENTS IN AIR 


PAGE 219 


m rm 


AIR 


CNLAOOn 


SYH0BL MACH PARAMETRIC VALUES 

O .299 RN 2. ODD 

□ .599 

O ,700 

A .798 

fcsk .345 

Ci .902 



ANGLE OF ATTACK, ALPHA, DEGREES 


FIG. 7 BASIC DATA, SECTION COEFFICIENTS IN AIR 


PAGE 220 


PITCHING MOMENT COEFFICIENT. CLM 


AIR 


CNLAOOl 3 


SYMBOL MACH PARAMETRIC VALUES 

O .299 RN 2.000 

□ .599 

O .700 

A .798 

.345 
.902 



FIG. 7 BASIC BATA. SECTION COEFFICIENTS IN AIR 


T*i A rr- 




LIFT COEFFICIENT, CL 


MR 


CNLA0023 


SYf«0L MACH PARAMETRIC VALUES 

O .600 RN 2.500 

□ .700 

O .70S 



FIG. 7 BASIC DATA. SECTION COEFFICIENTS IN AIR 


PAGE 222 


MR 


CNLA002} 


SYM00t MACH PARAHETPiC VALUES 

O .SOO RN 2.SQ0 

□ .700 

O .798 



ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 7 BASIC DATA. SECTION COEFFICIENTS IN AIR 



ODO 




AIR 


CNLA003D 


SYMBOL 

MACH 


PARJWETRIC VALUES 

o 

.339 

RN 

3,000 

□ 

.602 



0 

.699 



A 

.B05 




C_) 


z 

LJ 

t-H 

CJ 

»— I 

u. 

u. 

LU 

O 

O 


U. 



FIG. 7 BASIC DATA. SECTION COEFFICIENTS IN AIR 


PAGE 225 


LIFT COEFFICIENTp CL 


AIR 


CNLA003J 


SYMBOL MACH PARAMETRIC VALUES 

O -023 RN 3.000 

□ .832 

O .902 



FIG. 7 BASIC DATA, SECTION COEFFICIENTS IN AIR 


PAGE 22B 


DRAG COEFFICIENT, CD 


AIR 


CNLA003I 


SYMBE3L 

MAW 


PARAMETRIC VALUES 

o 

.399 


3,000 

□ 

.902 



o 

.899 



A 

.305 





FIG. 7 BASIC DATA, SECTION COEFFICIENTS IN AIR 


PAGE 227 


TTT 


DRAG COEFFICIENT. CD 


AIR 


CNLA003) 


SYMBCa, MACH PARAMETRIC VALUES 

O .823 RN 3,000 

□ .832 

O .302 


FIG 



PAGE 


228 


AIR 


CNLA003D 


SYMBOL ‘ HAr-'i 

O .399 RN 

□ .602 

o .699 

A .805 


PARAMETRIC VALUES 
3.000 



FIG. 7 BASIC DATA. SECTION COEFFICIENTS IN AIR 


PAGE 229 


PITCHING MOMENT COEFFICIENT, CLM 


AIR 


CNLA003) 


SYMBOL MACH PARAMETRIC VALUES 

O .823 RN 3. ODD 

□ .832 

o ,902 



FIG. 7 BASIC DATA. SECTION COEFFICIENTS IN AIR 


PAGE 230 


LIFT COEFFICIENT, CL 


AIR 


CNLA004] 


SYMBQL 

MACH 


PARAMETRIC VALUES 

o 

.601 

RN 

3.450 

□ 

.701 



o 

. 0 } 1 



A 

.902 




FIG 



7 BASIC DATA, SECTION COEFFICIENTS IN AIR 


PAGE 231 


□RAG CdEFFICIENT.CD 


AIR 


CNLA004D 


SYMBOL MACH 

O -601 RN 

□ .701 

O .en 

A .902 


PARAMETRIC VALUES 
3.450 



FIG. 7 BASIC DATA, SECTION COEFFICIENTS IN AIR 


PAGE 232 


PITCHING MOMENT COEFFICIENT, CLM 


AIR 


CNLA004] 


SYMBOL MACH PARAMETRIC VALUES 

o .SOI RN 3,450 

□ .701 

O .011 

A .902 



FIG. 7 BASIC DATA, SECTIGN COEFFICIENTS IN AIR 


PAGE 233 


LIFT COEFFICIENT, CL 


AIR 


CNLAOOGD 


SYMBOL MACH PARAMETRIC VALUES 

O .GOO RN 4. 000 

□ .637 

o .SQO 

A .829 

tL .351 

Q .938 



FI8. 7 BASIC DATA, SECTION COEFFICIENTS IN AIR 


MR 


CNLA0063 


SVMBC3L HACH PARW«TRIC VALUES 

O .600 RN 4.000 

□ .697 

O .800 

A .029 

fci .951 

D -938 



AN6LE OF ATTACK* ALPHA. DEGREES 

FIG. 7 BASIC DATA, SECTION COEFFICIENTS IN AIR 



PITCHING MOMENT COEFFICIENT, CLM 


air cnlaoos:' 

SYMBOL MACH PARAMETRIC VALUES 

O .600 RN 4.000 

□ .697 

O .600 

A .828 

.351 

Q .930 



FIG. 7 BASIC DATA, SECTION COEFFICIENTS IN AIR 


LIFT COEFFICIENT, CL 


ARGON 


CNLAOU:! 


SYMaOL HACH 

O .59B RN 

P .612 

O .815 

A .823 


parametric values 

2.000 



FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN ARGON 


PAGE 237 


LIFT COEFFICIENT. CL 


AR60N 


CNLA014) 


SYMBOL MACH 

O .840 RN 

□ .844 

O .8sa 

A .B73 


PARAMETRIC VALUES 
2.000 



FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN ARGON 


PAGE 238 


DRAG COEFFICIENT, CD 


ARGON 


CNLA014D 


SYMSOL MACH 
O -590 

□ .e!2 

O .815 

A .823 


RN 


PARAMETRIC VALUES 
2.000 



FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN ARGON 


PAGE 239 


DRAG COEFFICIENT. CD 


ARGON 


CNLAOMD 


SYMBOL MACH PARAMETRIC VALUES 

O .Q40 RM 2.000 

□ .644 

O .BS8 

A .873 



FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN ARGON 


PAGE 240 


PITCHING MOMENT COEFFICIENT. CLM 


ARGON 


CNLAOH3 


SYMBOL MACH 

o .539 RN 

□ .612 

o .815 

A .823 


PARAMETRIC VALUES 
2, 000 



FIG. 8 BASIC DATAr SECTION COEFFICIENTS IN ARGON 
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PITCHING MOMENT COEFFICIENT, CLM 


ARGON 


CNLA014) 


SYMBOL MACH 

O .840 RN 

□ .844 

O .868 

A .873 


PARAMETRIC VALUES 
2.000 



FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN ARGON 


PAGE 242 


LIFT C0EFFICIENT. CL 


ARGON 


CNLA015D 


SYMBOL MACH 

O -GIO RN 

□ .622 

O .830 

A .874 


PARAMETRIC VALUES 
3.000 



FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN ARSON 


PAGE 


243 


DRAG COEFFICIENT. CD 


ARGON 


SYMBOL MACH 

O .GIO RN 

□ .922 

o .030 

.874 


PARAMETRIC VALUES 
3.000 



FIG. 8 BASIC DATA, SECTION COEFFICIENTS 


CNLA015] 



iLPHA, DEGREES 

IN ARGON 


PITCHING MOHENT COEFFICIENT. CLM 


ARGON 


CNLA015) 


*iACH 

O .610 RN 

□ .822 

O .630 

A .874 


PARAMETRIC VALUES 
3,000 
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LIFT COEFFICIENT, CL 


ARGON 


CNLA0163 


SyUSOL MACH PARAMETRIC VALUES 

O .604 RN 3.950 

□ .861 



FI6. 8 BASIC DATA. SECTI0N COEFFICIENTS IN ARGON 


PAGE 246 


ARGON 


CNLA016] 


SYMBBU MACH PARAMETRIC VALUES 

O .eD4 RN 3.350 

□ .esi 



ANGLE OF ATTACK, ALPHA, DEGREES 


FIG. 8 BASIC DATA. SECTIDN COEFFICIENTS IN ARGON 



PITCHING MOMENT COEFFICIENT, CLM 


ARGON 


CNLAOIS: 


SYM60L MACH PARAMETRIC VALUES 

O -G04 RN 3.950 

□ .861 



FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN ARGON 
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LIFT COEFFICIENT, CL 



FREON 12 


CNLA024] 

SYMBOL 

MACH 

PARAMETRIC VALUES 


o 

.602 RN 

2.900 


□ 

.SOI 



o 

.802 



A 

.042 





ANGLE OF ATTACK, ALPHA, DEGREES 

FIG. 9 BASIC 0ATA» SECTION COEFFICIENTS IN FREON 12 


PAGE 


249 


DRAG COEFFICIENT, CD 


FREON 12 


(NLA024 J 


Sy^©OL MACH PARAMETRIC VALUES 

O .S02 RN 2*300 

□ .SOI 

O .802 

A .842 



FIG. 9 BASIC DATA. SECTION COEFFICIENTS IN FREON 12 
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PITCHING MOMENT COEFFICIENT, CLM 


FREON 12 


CNLA024) 


SYreOL MACH PARAMETRIC VALUES 

O .602 RN 2,900 

□ .801 

O .802 

A .842 



FIG. 9 BASIC DATA, SECTION COEFFICIENTS IN FREON 12 
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LIFT COEFFICIENT. CL 


FREON 12 


CMLA025) 


SY'®OL MACH PARAI^TRIC VALUES 

O .535 m 6.3Q0 

□ .610 

O .786 



FIG. 9 BASIC DATA, SECTIOM COEFFICIENTS IN FREON 12 

PAGE 252 


4 


•FREON 12 


CNLA025D 


SYMBOL MACH PARAMETRIC VALUES 

O .535 RN 6. 300 

□ .618 

O .786 



FIG. 9 BASIC DATA, SECTION COEFFICIENTS IN FREON 12 



PITCHING HOMENT COEFFICIENT, CLM 


FREON 12 


PARAMETRIC VALUES 
6.300 


ENLA0253 


SYMBOL MACH 
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O .eiB 
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ANGLE OF ATTACK, ALPHA. DEGREES 

FIG. 9 BASIC DATA, SECTION COEFFICIENTS IN FREON 12 
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LIFT COEFFICIENT, CL 


ARGON-FREON 12 


CNLA022) 


SVHBQL MACH PARAMETRIC VALLES 

O .S03 RN 2.050 

□ ,B03 

o .820 

A .852 



ANGLE OF ATTACK, ALPHA, DEGREES 

FIG. 10 BASIC DATA. SECTION COEFFICIENTS IN ARGON-FREON 12 


DRAG COEFFICIENT, CD 


ARGON-FREON 12 


CNLA0221 


SY^Sa. MACH PAFfAMETRIC VALUES 

O .603 RN 2.050 

□ .803 

O .020 

A .852 



ANGLE OF ATTACK. ALPHA, DEGREES 

FIG. 10 BASIC DATA, SECTION COEFFICIENTS IN ARGON-FREON 12 
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PITCHING MOMENT COEFFICIENTp CLM 


ARGON-FREON 12 


CNLAO 22 : 


SYMBOL MACH 

O .e03 RN 

□ .803 

O .820 

A .852 


PARAMETRIC VALUES 
2.050 



FIG. 10 BASIC DATA, SECTION COEFFICIENTS IN ARGON-FREON 12 
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LIFT COEFFICIENT^ CL 


ARGON-FREON 12 


CNLA0233 


SYMBOL MACH PARAMETRIC VALUES 

O .602 RN 3.050 

□ .018 

o .022 

A .SSi 



ANGLE OF ATTACK, ALPHA, DEGREES 

FIG. 10 BASIC DATA, SECTION COEFFICIENTS IN ARGON-FREON 12 


DRAG COEFFICIENT. CD 


CNLA0233 


ARGON-FREON 12 


SYMBOL MACH 

O .602 RN 

□ ,8IQ 

O .822 

A .651 


PARAMETRIC VALLES 
3.050 



FIG. 10 BASIC DATA, SECTION COEFFICIENTS IN ARGON-FREON 12 
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PITCHING MOMENT COEFFICIENTr CLM 


ARGON-FREON 12 


tNLA0233 


SYMBOL MACH 


.60.? RN 
.818 
.622 
,851 


PARAMETRIC VALUES 
3.050 
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-.04 


-.05 

-.06. 




2 3 4 5 6 7 

ANGLE OF ATTACK, ALPHA, DEGREES 


FIG. iO BASIC DATA, SECTION COEFFICIENTS IN ARGON-FREON 12 
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DATA SET SYMBOL 
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DESCRIPTION 
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MACH 

1 BLA603 ) □ 
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AIRFOIL UPPER SURFACE 
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ARGON 
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3. GOD 
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CCSNFItajRATICSN 

DESCRIPTION 
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(6LABt5 3 S' 

ARSON 

AIRFOIL UPPER SLIRFACE 

3.K1D 
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(DLA81S1 
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AIRFOIL LOVER SIJ^FACE 
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.823 
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FIG. 11 COMPARISON DATA. PRESSURE DISTRIBUTIONS AIR VS. ARGON 

ACH = .830 ALPHA = .000 Y = .000 
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riACH - 
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COMPARISON 1 

,600 ALPHA = 
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DATA 

• 

. PRESSURE 

.000 Y 

4 

X/C 

DISTRISUTIONS 
= .000 
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6 

AIR VS. FREON 
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DATA SET SYrtBOL 

COT'FIGURATICN OESCRIPTION 

RN 

MACH 

( BLA823 1 O 

AIR 

AIRFOIL UPPER SURFACE 

3.000 

.820 

t 0LAB26 ) tir 

FREON 12 

AIRFOIL UPPER SURFACE 

2. BSD 

.823 

( DLA623 ) 0- 

AIR 

AIRFOIL LOWER SURFACE 

3.00Q 

.020 

t DLA02E J 

FREON 12 

AIRFOIL LOWER SURFACE 

2.850 

.623 



FIG. 12 COMPARISON DATA, PRESSURE DISTRIBUTIONS AIR VS. FREON 12 

MACH = .820 ALPHA = .000 Y = .000 PAGE 2G4 


DATA SET SYMBOL 

CONFIGURATION DESCRIPTION 

RN 

MACH 

t BLA803 ] □ 

AIR 


AIRFOIL UPPER ajRFACE 

3.000 

.832 

t BLA043 ] <X/ 

FREON 

12 

AIRFOIL UPPER SURFACE 

2.300 

.843 

C DLA0O3 1 JZP 

AIR 


AIRFOIL LOWER SURFACE 

3.000 

.832 

I C«.Ae43 T ^ 

FREON 

12 

AIRFOIL LOWER SURFACE 

2.900 

.843 



FIG. 13A COMPARISON DATA. AIR VS. FREON 12 CIRANSONIC SIMILARITY MACH NUMBER] 

MACH ;= .830 ALPHA = .000 Y = .000 PAGE 2G5 


DATA SET SYMBOL 

CONFIGURATION 

CeSCRlPTlON 

RtV 

MACH 

t BLA803 ) □ 

AIR 


AIRFOIL UPPER SURFACE 

i.uOO 

.632 

1 CLAA24 ) 

FRECW 

12 

AIRFOIL UPPER SURFACE 

2. SOD 

.843 

( CS.A803 1 

AIR 


AIRFOIL LOVER SURFACE 

3.000 

.832 

( CLAB24 ) 

FREON 

12 

AIRFOIL LOVER SURFACE 

2.900 

.843 



FIG. 13B COMPARISON DATA. AIR VS. FREON 12 [TRANSONIC SIMILARITY RULE! 

MACH = .830 ALPHA = .000 Y = .000 PAGE 2GB 


DATA SET SYMBOL 

CONFIGURATICyvl 

DESCRIPTION 


RN 

MACH 

( CLAAOl 1 □ 

AIR 


AIRFOIL LPPER 

surface 

2.000 

.800 

( CLAA22 ] ^ 

ARGCW-FREON 

\2 

AIRFOIL UPPER 

surface 

2.050 

.802 

C CLABOl ) 0/ 

AIR 


AIRFOIL LOWER 

surface 

2.000 

.800 

( CLAB22 J 

ARSaN-FREON 

12 

AIRFOIL LOVER 

SURFACE 

2.050 

.802 



FIG. 14 COMPARISON DATA* PRESSURE HISTRIBUTIONS AIR VS. AR60N-FRE0NI2 

' \CH = .900 ALPHA = .000 Y = .000 PAGE 
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DATA SET SYMBOL CONF 1 5URAT I Of^ OESCR I PT I ON RN 

(FLAD03) Q AIR 3.000 
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FIG. 15 SUMMARY COMPARISONS. AIR VS. ARGON VS. FREON 12 VS. ARGON-FREON 12 
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CDCL0 


data set svneoL 

£ FLA003 ) Q 
tCLAOlS) n 
t HLA024 ) O 
{ CLA023 ) A 


CCWFIGURATtON OESCE?tPTlDN 
AIR 
ARG0N 
FREON 12 
ARGON-FREON 12 


RN 

3.000 
3.000 
2.500 
3, OSD 



. 15 SUMMARY COMPARISONS, AIR VS. ARGON VS. FREON 12 VS. ARGON-FREON 12 
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